Using a combination of in situ mapping and DNA analysis with recombinant DNA probes specific for the Sxr region of the mouse Y chromosome, we show that both the gene(s) controlling sex determination and the expression of the male-specific antigen H-Y (Tdy and Hya, respectively) are located on the minute short arm of the mouse Y chromosome. We demonstrate that the H-Y-variant of Sxr (Sxr') arose by a partial deletion within the Sxr region. Also, we show that intrachromosomal recombination between the Y short arm and Sxr' can sometimes occur during male meiosis, restoring the deleted DNA sequences and resulting in an H-Y+ mouse (male 719 in this paper pY291/B is a Y-specific 2.6-kb EcoRI DNA fragment (derived from a Y chromosome microcloned library) that detects both Sxr and non-Sxr located sequences.
Sex reversed (Sxr)-[Tp(Y)lCt] is a small fragment of the mouse Y chromosome that has transposed to the distal pairing/recombination region (the pseudoautosomal region) of the Y chromosome in XYSxr mutant mice (1) (2) (3) (4) . During male meiosis, this fragment is regularly transferred by recombination to the paternal X chromosome, giving rise to sterile XXSxr (sex-reversed) males. It has been shown that Sxr contains the genes controlling primary sex determination (Tdy) and the H-Y transplantation antigen (Hya) as defined by graft rejection and by the cytotoxic T-cell assay (5) . An H-Y -variant (Sxr') has also been described (6) , and it has been suggested that H-Y expression may play a role in spermatogenesis (7) . Sxr contains a high concentration of simple Bkm-related repeated sequences, which, when used to probe the YSxr chromosome in situ, shows a heavy concentration of grains in the pericentric region and another peak around the telomere (1) . This led to the conclusion that Sxr represented a fragment transposed from the subcentromeric region of the Y chromosome distal to the pseudoautosomal region. Hence, both Tdy and Hya were mapped to a regionjust below the centromere ofthe normal Y. We present here direct ctyological and molecular data showing that Sxr is, in fact, derived from the normal Y chromosome short arm and that occasionally during meiosis in XYSxr' mice Sxr backcross mice, co-segregation of Sxr and pY8 was always observed (12) . Fig. lb shows the result of probing Eco-RI-digested RNA from XY, XYSxr, and XXSxr males. pY8 detects the 2-kb cognate sequence and, in addition, two homologous bands of 2.6 and 2.8 kb, all of which map to the Sxr region. Densitometric scanning of the autoradiographs revealed that all three bands were twice as intense in the XYSxr carrier male as in the normal XY male or the XXSxr male. The amount of DNA in each lane was quantitated by reprobing with a steroid 21-hydroxylase probe located on chromosome 17 (13) . Further dosage analysis showed the cognate band to be present as a single copy in normal male C57BL/6 XY DNA (data not shown). Due to the unique nature of this probe, we were able to use it to accurately define the region of the Y that has been duplicated in the YSxr chromosome. Fig. 2 shows the results of in situ hybridization of pY8 to mouse metaphase chromosomes: a normal C57BL/6 (Fig. 2a) male, a WMP male (Fig. 2b) , and an XYSxr carrier male (Fig. 2c) . Contrary to expectations, the peak of hybridization on the normal Y was not seen proximally on the long arm but in the short arm. The silver grains in fact define the short arm of the Y. In the YSxr chromosome in addition to the short arm peak, an equally intense hybridization to the telomeric region of the long arm was seen, consistent with the presence of Sxr in the pseudoautosomal region. Although the existence of a Y short arm is not well documented, it was first described by Ford (14) and is frequently used to identify the Y in cytogenetic studies. This Proc. Natl. Acad. Sci. USA 8S (1988) revealed no differences in the hybridization profiles. Fig. 3 , however, shows the result of probing BamHI-digested DNA from an XY male (CB' strain), XX female (C57BL/6 strain), XXSxr, XXSxr', and XXSxr"9 (latter three males from N7-8 generations backcrossed onto C57BL/6) with the probe pY291. Four Y located bands are detected in the normal XY male from the CB' strain at 412.0 kb (band A), 9.0 kb (band B), 6 .0 kb (band C), and 3.0 kb (band D). These bands are not present in female DNA. All four are present in XXSxr, although 291B and 291C are reduced in intensity. This suggests that 291B and -C are repeated on the Y but only a limited fraction of them map within Sxr. A comparison ofthe banding pattern of XXSxr with XXSxr' reveals a clear deletion of band 291A, whereas the other bands remain unchanged. In the XXSxr719 DNA band 291A reappears at the same position and approximately the same intensity as that found in XXSxr and XY DNA. In addition, the intensity of band 291Ci has increased to an intensity intermediate between that found in the XY DNA and that of XXSxr or XXSxr'. Probing similar blots digested with six different enzymes (Sac I, HindIII, Pvu II, Pst I, Msp I, and EcoRI) yielded similar results, giving no evidence forgross rearrangements.
ance of the deleted band. To verify that this latter event did not simply involve the insertion of a large fragment of the Y into the XXSxr genome, the blots were dehybridized and reprobed with pY353/B (15) , which detects Y located repetitive (approximately 200-250) sequences, which are not present in Sxr but are dispersed throughout the Y. A normal hybridization pattern was seen on the XY male DNA but no Y chromosomal sequences were detected in the other DNAs (data not shown). We therefore conclude that the event leading to the generation of XXSxr,'9 was restricted to the Sxr region.
Based on these data, we propose the following model for the origin of Sxr, Sxr', and Sxr719 (Fig. 4) . The Sxr region containing the genes (structural or controlling) for Tdy and Hya maps to the short arm of the mouse Y chromosome (Fig.  4A) . Sxr was generated by the relocation of the whole or part of this region to the distal pseudoautosomal region. The relocation could result either from a translocation or a single Fig. 4) , a concentration of simple repeats (GATA/GACA), and several Y-specific (but not Sxr-specific) repeats recognized by pY291 (solid circle in Fig. 4) 
